It has been recently shown that tachyonic chameleon model of dark energy in which tachyon scalar field non-minimally coupled to the matter admits stable scaling attractor solution that could give rise to the late-time accelerated expansion of the universe and hence alleviate the coincidence problem. In the present work, we use data from Type Ia supernova (SN Ia) and Baryon Acoustic Oscillations to place constraints on the model parameters. In our analysis we consider in general exponential and nonexponential forms for the non-minimal coupling function and tachyonic potential and show that the scenario is compatible with observations.
Introduction
Recent cosmological observations such as Type Ia supernova (SN Ia) (Perlmutter et (Eisenstein et al., 2005) and weak lensing (Jain & Taylor, 2003) indicate that the expansion of the current universe is accelerating. Though the ΛCDM cosmology in which Λ is the cosmological constant can successfully reproduce the late time cosmic acceleration, it suffers from some serious issues such as the fine tuning and cosmological coincidence problems (Ellis & Madsen, 1995; Starobinsky, 1998) . So, two alternative approaches have been proposed to explain the current behaviour of the universe. The first is to consider the modification of gravity on the large scale (see (Nojiri & Odintsov, 2007) for review and reference there in) and the second is introducing dark energy sector in the content of the universe (see (Copeland, Sami & Tsujikawa, 2006 ) for review). It is worthwhile to notice that in the second approach one can also include a non-minimal coupling between dark energy and gravity to construct scalar-tensor theories (see for example ( Nojiri & Odintsov, 2005) ). Besides scalar-tensor theories in which scalar field non-minimally couples to the Ricci scalar or other geometric terms, recently another form of a non-minimally coupled scalar field where the scalar field is coupled to the matter has been widely studied in the literature ( Das & Banerjee, 2008; Farajollahi et al., 2012; Bisabr, 2012) . This type of scalar field is known as a chameleon field and thought it is heavy in the laboratory environment, on cosmological scale where the matter density is small, the chameleon is light enough to play the role of dark energy. A chameleon scalar field has many remarkable cosmological features as they pointed out by many authors. For instance, when it couples to an electromagnetic field (Khoury & Weltman, 2011) [19] in addition to the fluid then the fine tuning of the initial condition on the chameleon may be resolved (Mota & Schelpe, 2012) . Chameleon field can also successfully explain a smooth transition from a deceleration to an acceleration epoch for our universe (Banerjee & Das, 2010) . The scalar field that plays the role of chameleon could be a Brans-Dicke scalar field with interesting cosmological consequences such as explaining the current accelerated expansion of the universe ( (Khoury, 2013) has summarized some important features of the chameleon field theories. Moreover, phase-space analysis of chameleon scalar field where a quintessence field acts as a chameleon has been investigate in (Roy & Banerjee, 2015) . We have also studied the dynamics of chameleon model where tachyon field plays the role of chameleon (Banijamali & Solbi, 2017) . We have utilized the dynamical system tools to obtain the critical points of such theory and showed its interesting cosmological behaviour. In the present work we apply combined datasets of Type Ia Supernova (SN Ia) and Baryon Acoustic Oscillations to test the tachyonic chameleon model and constrain its parameters. We use χ 2 minimization technique to find the best fit values of the model parameters and to plot the likelihood contours for them. The paper is organized as follows: In the next section we have presented the tachyonic chameleon model and derived the basic equations along with the definitions of different cosmological parameters relevant for our study. In section 3 we have briefly discussed our methodology to use data from SN Ia and BAO observations. In section 4 we have used the observational data to plot likelihood contours of the model for different categories of scalar potential and coupling function. Section 5 is devoted to our conclusion.
Basic equations
Tachyonic chameleon model of dark energy in the framework of general relativity can be described by the following action
where g is the determinant of the metric tensor g µν , R is the Ricci scalar and G is the bare gravitational constant. f (φ) is the coupling function between scalar field and the matter. L m is the matter Lagrangian and V (φ) is also the tachyon potential. Variation of action (1) with respect to the metric g µν leads to the gravitational field equations. These equations in FRW background with the metric
take the following forms:
where ρ m and p m are the matter energy density and pressure respectively. In fact equations (3) and (4) are the Friedmann equations for our model. Note also that p m = γρ m is assumed in deriving these equations. On the other hand, variation of (1) with respect to thescalar field in FRW background yields tö
where the tachyon field is assumed to be homogeneous and a prime stands for derivative with respect to the Φ. In addition, the continuity equation reads,
Now, we mention that equation (6) has a solution as follows:
where ρ 0 is an integration constant. This shows the evolution of the matter density strongly depends on the coupling function f . When f = 1, this solution reduces to the standard evolution law for the matter energy density. Furthermore, one can define the effective equation of state as
where p ef f and ρ ef f can be obtained from (3) and (4) as follows:
Before closing this section notice that, tachyonic chameleon dark energy model exhibits some interesting cosmological implication from dynamical system point of view. Depending on the form of coupling function f (φ) and potential V (φ) such a model provides a solution to coincidence problem and explains the current phase of accelerated expansion of the universe ( Banijamali & Solbi 2017) . Therefore, investigating this scenario using observational cosmology and constraining the model parameters according to the latest data is not only interesting but also necessary. This study will be done in the next sections.
Observational constraints on the model parameters
In this section, we will fit the model parameters with recent observational data from Type Ia Supernova (SN Ia) and Baryon Acoustic Oscillations (BAO) observations. Although a well-known analysis method is used in the literature, we briefly explain the method for the elaboration of the observational data. The total χ 2 for combined data analysis is given by:
where each χ 2 will be evaluated individually. We mention that in our fitting method we use the simple χ 
Type Ia Supernova (SN Ia)
First, we have used the latest observational dataset of SN Ia which give the information on the luminosity distance D L as a function of the red shift z. The Hubble-free luminosity distance for the flat universe is defined as
where E(z) ≡ H(z)/H 0 , with
Here, Ω r is the radiation density parameter and Ω 
where µ obs is the observed value of the distance modulus. χ 
Note that µ obs and µ th represent the observed and theoretical distance modulus respectively. σ i is also the uncertainly in the distance modulus. Finally, minimizing χ 2 SN with respect to µ 0 leads tõ
We use (13) for minimization of χ 2 for 580 recent data points of SN Ia (Suzuki et al. 2011 ).
Baryon Acoustic Oscillations (BAO)
We have also used BAO dataset to constrain our model parameters. The distance ratio 
, where D A (z) is the proper angular diameter distance for the flat universe. In our analysis we use the 6dF, the SDSS and WiggleZ BAO data points which are represented in Table  1 . The WiggleZ collaboration (Blake et al. 2011 ) has measured the baryon acoustic scale at three different redshifts, while SDSS and 6DFGS surveys provide data at lower redshift (Percival 2010 In addition, C where the indices i, j are in growing order in z, as in Table 1 . In the next section we use the above two sets of data to examine our model.
Observational constraints on the model parameters
Two important functions in the model (1) are the chameleon field potential V (φ) and coupling function f (φ). We perform our analysis based on this fact that whether these functions are exponential (power-law) or not. Thus we have four categories given by the following subsections:
Exponential f (φ) and power-law V (φ)
In the first case we consider an exponential coupling function and a power-law potential as follows'
We are interested in constraining model parameters α and β together with the present values of the density parameters using the χ 2 -method for recent observational data. Thus we plot the likelihood contours for these physically important parameters and obtain the best fit values. We produce the likelihood contours for 1σ , 2σ and 3σ confidence levels. In Figure 1 the 1σ, 2σ and 3σ confidence level contours for α − β (a), α − Ω m0 (b) and β − Ω m0 (c) are plotted for SN Ia +BAO datasets. For simplicity reasons we set f 0 = V 0 = 1. As one can see in this figure this model is in agreement with observations. The best-fit values of α, β and Ω m0 in addition to χ 2 min (the minimum value of chi-square) are presented in Table 2 . Note that the best fit value of Ω m0 = 0.29 is consistent with observations. 
Power-law f (φ) and exponential V (φ)
For the second case we are going to constrain the model parameters for an exponential potential and a power-law f (φ) given by,
The best fit values of the model parameters α , β and Ω m0 have been shown in Table 3 . The corresponding contours for 1σ, 2σ and 3σ confidence level on α − β(a), α − Ω m0 (b) and β − Ω m0 (c) planes are also plotted in Figure 2 . For simplicity reasons we set f 0 = V 0 = 1. It is interesting that these results are in good agreement with the observational data. It deserves mention here that the value of Ω m0 obtained in the present paper is very close to the expected value. 
Power-law f (φ) and V (φ)
In this subsection we obtain observations bounds on the model parameters where f (φ) and V (φ) are both in power-law forms as follows:
The results for the best fit values of the free parameters of the model i.e. α and β together with the present value of Ω m0 extracted from combined analysis SN Ia + BAO are presented in Table 4 . In this case the contour plots of various quantities for 68.3%, 99.4% and 99.7% confidence level have been shown in Figure 3 .
As in previous cases we set f 0 = V 0 = 1. One can clearly see that similar to the previous cases this scenario is consistent with observations. 
Exponential f (φ) and V (φ)
As a fourth case we obtain observational constraints from combined datasets of SN Ia and BAO on the free parameters of the model where the coupling function and the chameleon potential have exponential forms given by:
The minimum value of χ 2 as well as the best fit values of Ω m0 , α and β are presented in Table 5 . The contour plots of α versus β, Ω m0 versus α and Ω m0 versus β are shown in (a), (b) and (c) panels of Figure  4 respectively. For simplicity reasons we set f 0 = V 0 = 1. As in the previous cases these figures have been plotted for 1σ, 2σ and 3σ confidence levels. It is obvious from Figure 4 that the model is in agreement with observational data from SN Ia in combination to BAO. Before closing this subsection we mention that since the values of the matter density parameter in all cases are very close to each other, χ 
Conclusion
In this paper we have used the latest observational data to constrain the parameters of the tachyonic chameleon model of dark energy. In our previous paper (Banijamali & Solbi, 2017) we have studied the dynamics of such a scenario and have found that this model has the ability to alleviate the coincidence problem via the mechanism of scaling attractors. Two important functions in our analysis are tachyonic potential V (φ) and non-minimal coupling function f (φ) in action (1) . In general we have considered two types of these functions i.e power-law and exponential forms. We have fitted data from Type Ia supernova (SN Ia) and Baryon Acoustic Oscillation (BAO) to constrain the present matter density parameter Ω m0 , the parameter α in functional form of f (φ) (the non-minimal coupling function f is of the form f (φ) ∝ e αφ or f (φ) ∝ φ α ) and the parameter β in V (φ) ( tachyonic potential is assumed to be V (φ) ∝ e βφ or V (φ) ∝ φ β ). For exponential f (φ) and power-law V (φ) we have seen that positive α and negative β are favoured by the data while for power-law f (φ) and exponential V (φ) both α and β should be positive in order to our model be compatible with observations. On the other hand, when f (φ) and V (φ) are both power-law functions of scalar field a positive value of α and a negative value of β are favoured while when these functions are both in exponential forms then α is negative and β is a positive constant. We remark that in all four cases the value of present matter density parameter Ω m0 is very close to the desired value. In summay, the scenario of the tachyonic chameleon dark energy is compatible with observations, for all examined scalar field potential and non-minimal coupling functions.
